Objective: Coronary artery revascularisation without extracorporeal circulation is a technique which can be performed in selected patients in need of a coronary artery bypass graft. Methods: Consecutive patients (210) underwent coronary artery bypass graft without extracorporeal circulation. Indications were high risk patients, or single coronary artery lesion. To predict perioperative mortality, preoperative risk factors were reviewed, and Parsonnet score was calculated. Results: There were seven deaths (3.3%), and univariate analysis revealed greater age, NYHA, and poor ejection fraction to be the only predictors of early mortality. Perioperative myocardial infarction included 15 patients (7.1%), most of them seen in the multiple bypass group (10/39, 26%). Patients were divided into low risk (Parsonnet score B15) 155 patients with two deaths (1.2%), and high risk (Parsonnet score \15) 55 patients with five deaths (9%). Complete revascularisation was performed in the low risk group, while in the high risk only the symptomatic vessel was bypassed and other angiographic lesions treated with postoperative angioplasty (10 patients). A total of 12 patients developed early postoperative angina (5.7%), 9 presented an anastomosis dysfunction which was treated by angioplasty (5) and surgery (4), and 188 patients (85.7%) did not receive transfusions while 190 patients (90.4%) did not need postoperative inotropes. Length of stay, operating room time, and medical costs were all significantly reduced. Conclusions: Myocardial revascularisation without extracorporeal circulation can be performed with a low operative mortality, and minimal morbidity only in patients undergoing single bypass revascularisation. It can also be performed as part of a multiple revascularisation strategy in association with angioplasty in high risks patients. © 1997 Elsevier Science B.V.
Introduction
Coronary artery bypass graft (CABG) without extracorporeal circulation (ECC) is a technique which allows the completion of one or more coronary anastomosis, on a beating heart. The first operation of a mammary artery anastomosed on a left anterior descending artery on a beating heart, was performed by Kolesov and Potashov in Leningrad in 1964 [1] . Since then this technique has been developed in South America in the 1980s, mostly for economic reasons [2, 3] , with some studies reported in Europe and in the United States [4, 5] . We are now seeing a renewed interest in this technique, associated with the development of video-surgery for dissection of the mammary artery. The aim of this retrospective study was to analyze our results, in order to better define the indications of this technique. We have applied this technique to high risks patients, and to single coronary lesions not treatable by non operative means. 
Materials and methods

Patient population
Between January 1988 and June 1996, 210 patients underwent CABG without ECC in our institution. This represents approximately 10% of the CABG operations performed at the same period in the department. There were 169 males (80.4%), and 41 females (19.6%). Ages ranged from 35 and 87 years, with a mean of 62 years. For each patient a modified Parsonnet score was calculated. Among all the risk factors listed in the modified Parsonnet score, 16 factors were selected for the statistical analysis, based on their frequency.
The preoperative risk factors used for the statistical analysis were: age, sex, prior angioplasty, emergency operation, complicated angioplasty, redo surgery, insulin dependent diabetes, unstable angina, NYHA, ejection fraction, number of bypass, chronic renal failure, intra-aortic balloon pump, hypertension, acute myocardial infarction (B24 h), cardiogenic shock. The distribution of these 16 risk factors as well as the patient population profile, is shown in Table 1 .
Our indications of the desirability of performing this technique was based on essentially two criteria: [1] a relative contra-indication in performing cardiopulmonary bypass due to a number of risks factors; and [2] a single coronary lesion not treatable by non invasive means.
Relative contra-indications to perform ECC were: thrombocytopenia with a history of recurring bleeding and thrombosis events (1 patient), lymphoid leukemia (3 patients), severe respiratory insufficiency (3 patients), cerebral angioma diagnosed 3 years previously with a meningeal bleed (2 patients), liver cirrhosis awaiting a liver transplant (1 patient), chronic hemodialysis (3 patients).
Postoperati6e data
For each patient, all complications occuring in the institute were recorded, as well as the postoperative bleeding recorded in the pericardial and pleural drains, the number of patients receiving a blood transfusion, the number of days spent in the intensive care unit, and the need for any inotropes drug.
Surgical technique
Anesthesia was slightly modified compared to patients undergoing CABG with ECC. Betablocants are continued the day of surgery in order to maintain a low cardiac rate in the range of 50-60 per min. Anesthesia was maintained with reduced doses: Sulfentanyl 2 vg/ kg, Fluritrazepam (Narcozep) 0.03 mg/kg, Bromure of Pancuronium (Pavulon) 0.1 mg/kg, associated with inhalation agents (Enflurane, Ethrane). In cases of tachycardia intra-venous betablocking agents are used (Esmolol), or calcium inhibiting agents (Diltiazem). For the technique of video-dissection of the mammary artery, a double lumen endotracheal tube is placed during the surgery, it is subsequently changed to a single lumen tube at the end of the procedure. Heparin dose is given intra-venously 0.5 mg/kg, without any protamin reversal.
A total of 184 patients had a median sternotomy which allows access to the left anterior descending (LAD), diagonal, right coronary. For access to branches of the circumflex artery 13 patients had a left thoracotomy and a further 13 had a paramedian inci-sion after video-dissection of the left mammary artery. Mammary artery was utilised in 147 patients (70%). Table 2 summarises the types of conduits and the number of bypasses performed.
After dissection of the saphenous vein or mammary artery, a small pericardial incision is performed allowing careful placement of stay sutures. This allows better cardiac stabilisation. In no cases was a cardiac stabilisation device utilized. Exposure and fixation of the anastomotic site are achieved with the placement of two traction sutures (3-0 silks), placed on either side of the vessel to be bypassed, and after heparinization therapy two small bull-dogs clamps are applied in order to occlude the vessel. Distal anastomosis were performed using continuous 7-0 or 8-0 Prolene sutures, and proximal anastomoses with 6-0 Prolene sutures with a partial occluding clamp. In cases of saphenous vein conduit the proximal anastomosis was performed first. Before tying the suture of the distal anastomosis the bull-dogs clamp are released in order to verify proximal, distal, and conduit flow. This we believe avoids purse-string effect on the distal anastomosis.
Exposure of the marginal branches of the circumflex artery was performed via a left thoracotomy carried out on the 5th intercostal space. The pericardium is opened only in regard of the vessel to be bypassed, and traction sutures are placed in the pericardium.
In cases of video-dissection of the left mammary artery, we start with a dissection of the entire mammary artery, performed through two port holes, plus a portaccess for the camera. After completion of the dissection a small (4 cm) incision is made in the left paramedian 4th intercostal space. The fourth costal cartilage is excised, the mammary artery is transected after heparinization and its flow tested. The pericardium is then opened as described previously.
Ischemic time for grafting the LAD or right coronary is usually under 8 min, and for the marginal branches of the circumflex artery under 10 min. A single transthoracic drain is left in place, and removed the follow- 
Statistical analysis
Postoperative mortality is defined as the hospital mortality. Comparisons between groups were performed by the standard 2 -test (or Fisher's exact test when an expected frequency was B 5) to compare categorical variables and operative mortality, and the t-test to compare continuous variables. Statistical significance was accepted at PB 0.05.
All analyses were done by SPSS software. Concerning cost analysis, we compared during 1 year (1994) all consecutive patients undergoing CABG with ECC (184), to all consecutive patients operated without ECC (24). We examined length of stay in the intensive care unit, length of stay on the ward, total length of stay, as well as medical cost, operating room cost, intensive care unit cost, anesthesia cost, hemodynamic cost, allowing to calculate a total hospitalization cost.
Results
Analysis of mortality
A total of 7 patients (3.3%), died perioperatively. Causes of death with the Parsonnet score are listed on Table 3 . Univariate analysis revealed that age greater than 70 years, ejection fraction B 30%, and NYHA \ 3 were risk factors of mortality. Median age in the deceased group was 72 years, compared to 62 years in the surviving group.
Parsonnet score
We divided our group of patients into a low risk group with a score B15,155 patients with two deaths 
Perioperati6e myocardial infarction
In all, 15 patients presented a post-operative MI (7.1%), with three deaths (one from a VSD, two from low cardiac output), 10/39 occured in the group with multiple bypasses (26%), and 5/171 in the single bypass group (2.9%), (P =0.02). Since 1992, none of the consecutive patients (100 patients) operated for single bypass developed a postoperative MI.
All myocardial infarctions occured in the territory of one of the bypassed vessels (Table 5 ).
Early complications
All complications occuring during the hospital course are listed in Table 6 : 12 patients presented early angina, 3 patients had multiple bypasses, and 9 had a single bypass. All underwent catheterization. A total of 9 patients presented an anastomotic dysfunction, 5 were treated with angioplasty, and 4 with surgery with ECC. Angioplasty or surgery were performed if possible, with a minimum delay of 1 month after the original procedure, except if angioplasty of another lesion was performed, than the procedure was done within the same hospitalization. Patients (3) who had a patent anastomosis, with stenosis of secondary branches were treated medically with medications.
Mean postoperative bleeding was 409 cc (100, 2000), 180/210 (85.7) patients did not receive any blood transfusion and 190/210 (90.4%) did not receive any inotropes. No patient had an intra-aortic balloon pump inserted.
Cost analysis
Comparison between patients undergoing CABG with or without ECC, revealed a statistical reduction in total length of stay, intensive care unit stay, as well as a decreased overall cost (Table 7) 
Discussion
Surgical risk factors associated with CABG are now well stratified [6 -8] . It is now possible to predict the mortality with a relatively adequate accuracy [6] . However few studies have analysed various risk factors following CABG without ECC [2, 3, 8] . It is interesting that in our studies the three major risk factors predictive of early mortality, are age, low ejection fraction, and NYHA. All of these risk factors are found after a conventional CABG procedure. Regarding age, in this studies none of the patients above 80 years died, or developed a major complication. This type of surgery is particularly suitable for older patients, since it decreases most of the complications associated with ECC, such as neurological events which increase with age.
Poor ejection fraction remains in all studies a major risk factor [8] [9] [10] [11] [12] [13] . In these studies the low number of patients with low ejection fraction (24 patients) does not allow us to conclude that this technique is better than conventional surgery. However we noticed in this population of patients with 'ischemic' bad ventricle, that the postoperative course was extremely simple. No patients had to have an intra-aortic balloon pump inserted, and only 20 patients required minimal doses of inotropes for 24 h.
A similar study did not find ejection fraction, to be a risk factor with this technique [9] . The fact that no aortic cross clamp is used, allows a continuous coronary perfusion. Even though this perfusion may be incomplete, it may offer better protection in a 'bad' ventricle, by decreasing the ischemic time, decreasing the reperfusion phenomenon, and eliminating the inflamatory pathway related to ECC [14] . Patients operated on in emergency following complicated angioplasty, will have coronary reperfusion performed with this technique in less time than a conventional surgery performed with ECC.
In cases of redo coronary surgery, this technique reduces the dissection, and therefore operative and postoperative bleeding, and decreases operating time [15] . Also the presence of multiple cardiac adhesions, offers a better cardiac stabilisation which allows this procedure to be performed with greater ease. Redo surgery is associated with increased mortality and morbidity in many studies [16] . The overall mortality varies from center to center from 4 to 15% Similarly, reoperations are associated with increased morbidity, including myocardial infarction, bleeding, and low output states. In our studies 14 patients were operated after a prior CABG. No mortality has occured in this group, and morbidity was not increased.
In the high risk patients with multiple risk factors, our mortality of 9% is inferior to the gravity of the patients as determined by their Parsonnet score, predicting a mortality of greater than 15%. For these patients our strategy is to surgically revascularise the main coronary vessel not treatable with non invasive means, and in the postoperative course to complete the revascularisation by angioplasty, if needed. However, we are aware that this technique offers some disadvantages compared to CABG with ECC.
In our studies the relatively elevated rate of postoperative angina (5.7%), is related to the quality of the anastomosis since in nine cases a stenosis at the anastomosis is seen.
Also, the high rate of postoperative MI after multiple bypasses, led us to the abandon of the technique for multiple bypasses. It is possible that multiple occlusion of various coronary vessels although intermitently, are responsible for the high rate of ischemia, although all perioperative myocardial infarctions occured in the territory of the bypassed vessel, therefore probably reflecting a technical problem with the anastomosis. We therefore do not recommend this technique for multiple bypasses. One of the key point of coronary surgery is the quality of the anastomosis, which will influence potency. It is therefore important to assess on the angiogram the size and accessibility of the diseased coronary vessels. Therefore, it is important to choose the incision according to the location of the vessel to be grafted. A median sternotomy will provide access to the anterior branches of the heart (LAD, Diagonal and segment two of the right coronary artery), whereas a left thoracotomy should be chosen for marginal branches. A vessel smaller than 1.5 mm, or intrainyocardial will not be bypassed with this technique. We never had to used any artificial 'heart stabilisers', since with a combination of betablockers and adequate pericardial suspension we were able to obtain adequate heart stability. We do not have any experience with the use of circulatory support (balloon pump, or percutaneous bypass) in combination with this surgery. This type of support would not provide heart immobilization, and therefore if needed we prefer to perform a 'conventional' operation with cardiac arrest with cardioplegia, which offers the safest mean to perform an adequate anastomosis.
Concerning the cost of the various group operated with or without ECC, we realise that there is a bias in the selection of patients, since patients operated with ECC had a greater number of coronary lesions. We therefore calculated the cost to serve as a reference for other treatment, and do not preach this technique only on an economic basis. We realize that the length of stay of most patients of 13.64 days is considerably longer than the average stay in other countries, and we are currently sending patients home within a week of their operation.
Concerning the cost or length of stay according to the various incisions (sternotomy, left thoracotomy, and paramedian incision), we do not have any difference in length of stay. However, patients with a mini paramedian incision, have less pain and are ambulating sooner, usually the following day after surgery.
In conclusion we will apply this technique to high risk patients and single coronary lesion accessible to coronary revascularisation. It can be performed with a low mortality and few morbidity, and provides simplicity in the postoperative care. More studies will be needed to better define the various indications of this procedure, and its long term results.
